High levels of theory have been used to compute quartic force fields (QFFs) for the cyclic and linear forms of the C 3 H 3 + molecular cation, referred to as c-C 3 H 3 + and l-C 3 H 3 + . Specifically the singles and doubles coupled-cluster method that includes a perturbational estimate of connected triple excitations, CCSD(T), has been used in conjunction with extrapolation to the one-particle basis set limit and corrections for scalar relativity and core correlation have been included. The
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QFFs have been used to compute highly accurate fundamental vibrational frequencies and other spectroscopic constants using both vibrational 2 nd -order perturbation theory and variational methods to solve the nuclear Schrödinger equation. Agreement between our best computed fundamental vibrational frequencies and recent infrared photodissociation experiments is reasonable for most bands, but there are a few exceptions. Possible sources for the discrepancies are discussed. We determine the energy difference between the cyclic and linear forms of C 3 H 3 + , obtaining 27.9 kcal/mol at 0 K, which should be the most reliable available. It is expected that the fundamental vibrational frequencies and spectroscopic constants presented here for c-C 3 H 3 + and l-C 3 H 3 + are the most reliable available for the free gas-phase species and it is hoped that these will be useful in the assignment of future high-resolution laboratory experiments or astronomical observations.
Introduction
The two lowest energy forms of C 3 H 3 + are cyclopropenyl cation and propargyl cation, though the energy difference between these is large -with the cyclic form being approximately 26 kcal/mol lower in energy. 1 Cyclopropenyl cation is the smallest aromatic carbocation, which explains its stability, but it should be noted that even with this large energy difference, it is common to find both isomers when they are produced in the gas-phase, suggesting that they form from different mechanisms. There has been considerable experimental and theoretical work on both isomers, and we refer the interested reader to Refs. 1-9 and references therein. Here, we discuss a few of the earlier works that relate to this study, but first we note that for convenience we shall refer to cyclopropenyl cation as c-C 3 H 3 + and propargyl cation as l-C 3 H 3 + , and when referring to both isomers we use C 3 H 3 + .
Our interest in c-C 3 H 3 + stems from astrochemistry. Cyclopropenylidene, c-C 3 H 2 , which possesses a large dipole moment, has been shown to be ubiquitous in the interstellar medium (ISM), 10-12 and its main formation pathway has been proposed to be due to dissociative recombination of an electron with c-C 3 H 3 + . 13, 14 Hence there has been considerable interest in detecting c-C 3 H 3 + in the ISM for more than two decades. However, c-C 3 H 3 + possesses D 3h symmetry, resulting in no permanent dipole moment, and thus is not detectable via microwave (rotational) spectroscopy. Furthermore, there is no experimental high-resolution rovibrational spectrum available to analyze astronomical observations. In fact, until recently there was no gasphase spectrum of its vibrational frequencies, but instead only matrix isolation spectra or spectra from salts. 15, 16 That changed in 2002 when Dopfer et al 2-4 used infrared photodissociation (IRDP) experiments to observe the C-H stretching region of C 3 H 3 + complexed with various ligands. In 2010, Ricks et al 5 improved upon these experiments by measuring the gas-phase infrared (IR) spectrum of the isomers of C 3 H 3 + that were associated with one Ar atom. The results of these latter two studies are generally consistent with the matrix isolation experiments, though many more bands were assigned in the Ricks et al IRPD experiment, going down to approximately 1100 cm -1 . One inconsistency that was noted by Ricks et al, however, was that the assignment for the doubly degenerate CH stretching mode, 4 (e ), at 3182 cm -1 was about 44 cm -1 higher than theory. They attributed this to problems in scaling factors for the theoretical calculations, and suggested that further theoretical work was needed. Thus one of the purposes of the present study was to provide theoretical predictions of the fundamental vibrational frequencies of both C 3 H 3 + wherein scaling is not required.
Determination of an anharmonic force field and fundamental vibrational frequencies has actually been reported for c-C 3 H 3 + in two 1989 studies by Lee et al 6 and by Xie and Boggs. 7 Lee et al computed a full quartic force field (QFF) at the Hartree-Fock level of theory to determine anharmonic corrections via second-order rovibrational perturbation theory which they then appended to harmonic frequencies computed at the second-order Møller-Plesset (MP2) pertubation level of theory. They reported an array of spectroscopic constants from their anharmonic analysis including anharmonic constants, vibration-rotation interaction constants, and quartic and sextic centrifugal distortion constants for c-C 3 H 3 + and its deuterated isotopologues. One interesting issue they uncovered was the fact that the standard formula used to compute the spectroscopic constants for symmetric top molecules [17] [18] [19] Thus our goal in the present study is to compute highly accurate QFFs for the c-C 3 H 3 + and l-C 3 H 3 + molecules, and to predict their rovibrational spectroscopic constants to very high accuracy.
These data are of interest to astronomers now more than ever given that the Herschel Space Observatory is in operation and collecting high-resolution data, the NASA Stratospheric Observatory for Infrared Astronomy (SOFIA) has begun its series of initial science flights, and the James Webb Space Telescope (JWST), often referred to as the replacement to the Hubble Space Telescope, will launch later in this decade. Further, the Atacama Large Millimeter Array (ALMA) is set to start early science operations in late 2011. Some of the instruments for these telescopes operate at longer wavelengths and thus are not useful for rovibrational spectroscopy of c-C 3 H 3 + , but they may be able to detect deuterium and 13 C isotopologues due to their increased sensitivity, which is especially interesting for isotopologues of c-C 3 H 3 + . The parent isotopologue has no permanent dipole moment, hence it cannot be observed via rotational spectroscopy, but isotopologues that do not retain D 3h symmetry will exhibit a small permanent dipole moment since the center of nuclear charge and center of mass of the molecule will no longer be the same (and the molecule rotates about its center of mass). For l-C 3 H 3 + , the lowest energy vibration may be within range for instruments on all of the above telescopes, but since l-C 3 H 3 + possesses a permanent dipole moment, the parent isotopologue as well as all deuterium and 13 C isotopologues may be detectable. However, a full spectroscopic analysis of all deuterium and 13 C isotopologues of c-C 3 H 3 + and l-C 3 H 3 + is beyond the scope of the present study, and will be reported separately. 32 The Theoretical Approach is described in the next section, followed by Results and Discussion. Our Conclusions are presented in the final section.
Theoretical Approach

A. Details of the Electronic Structure Methods
We first describe details of the electronic structure calculations, including details of the corrections that have been included. In general, we follow the approach we have developed in recent years 33, 34 in which we extrapolate CCSD(T) energies to the one-particle basis set limit, 35 followed by addition of corrections for scalar relativity 36 and core correlation. The valence CCSD(T) calculations were performed in conjunction with Dunning's correlation consistent basis sets. 37 We will denote the cc-pVXZ (X=T, Q, or 5) basis sets as TZ, QZ, or 5Z. A correction for scalar relativity is evaluated at the CCSD(T)/TZ level of theory using the Douglas-Kroll approximation. 36 As we pointed out previously, 33 the scalar relativity integrals lose precision when going beyond the TZ basis set, which is problematic for computing QFFs. Core correlation was included as a correction by performing CCSD(T) calculations, with and without the core correlated, using the Martin-Taylor basis set designed for this purpose. 38
QFFs have been determined according to the prescription described previously. 33, 34 For both c-C 3 H 3 + and l-C 3 H 3 + , a reference geometry was determined at the CCSD(T)/5Z level of theory with corrections for core correlation and scalar relativity taken into account. A grid of displacement geometries centered on this reference structure (and based on the symmetry internal coordinates discussed later) was then used for all calculations. The number of unique geometries was 1961 and 2479 for c-C 3 H 3 + and l-C 3 H 3 + , respectively. As indicated, CCSD(T) energies are extrapolated to the one-particle basis set limit using a three-point formula that experience has shown to be reliable. 33, 34, 39 The scalar relativity and core-correlation corrections are added, and the energies are used in a least squares fit of a QFF for each molecule. For c-C 3 H 3 + , the 1961 unique energies were augmented to a redundant set of 3837 energies that was used to fit 460 unique coefficients in the QFF. The sum of the squared residuals was 1.31 x 10 -17 a.u. 2 . For l-C 3 H 3 + , the 2479 unique energies were augmented to a redundant set of 4565 energies that was used to fit 572 unique coefficients in the QFF (sum of the squared residuals = 2.61 x 10 -17 a.u. 2 ).
The final QFF for each molecule was then obtained by an analytical transformation to the exact minimum (i.e., to where the gradient terms are exactly zero). We note that it has been shown that some molecules with C-C multiple bonds exhibit erratic behavior for bending frequencies, including molecules like acetylene, ethylene, and benzene, 39-43 although cyclopropenylidene does not show this behavior. 44 The problem is associated with ensuring that the one-particle basis set is properly balanced with respect to saturation in the lower angular momentum functions (i.e., s and p functions) and inclusion of higher angular momentum functions. Though we report only our best QFF here for both c-C 3 H 3 + and l-C 3 H 3 + , we have examined in detail several QFFs for both isomers and found that neither suffers from this issue. All electronic structure calculations were performed with the MOLPRO 2006.1 program. 45
B. Details of the Coordinate Systems and the Vibrational Methods
For both molecules, the QFFs were determined in symmetry internal coordinates. For l-C 3 H 3 + , we use the following definition of symmetry internal coordinates:
where the simple internal coordinates for l-C 3 H 3 + are given in Fig where the e are unit vectors defined as e ab = e b -e a . The reference vectors and were defined as follows: Fig.1 also gives the planar equilibrium and ground state (GS) vibrationally averaged structures for both c-C 3 H 3 + and l-C 3 H 3 + , as well as the GS vibrationally averaged rotational constants. The vibrationally averaged quantities are the "position average," i.e., r z , computed from 2 nd -order perturbation theory. Symmetry relationships for the quadratic, cubic, and quartic force constants are given later.
For c-C 3 H 3 + , we use the exact same definition of symmetry internal coordinates as given by Lee et al. 6 They are repeated here for convenience:
where the simple internal coordinates R, r, , are the bond lengths and bond angles defined in Fig. 2 , and refers to the out of plane bending angle for a given C-H bond with respect to the plane defined by the three C atoms (see Fig. 2 ).
Fundamental vibrational frequencies were computed using either a vibrational variational method (VAR) or second-order perturbation theory (PT). [17] [18] [19] The MULTIMODE program 47 was used for the VAR calculations, while the SPECTRO program 20 was used for the PT calculations, and for computing other spectroscopic constants. For l-C 3 H 3 + , the QFF was analytically transformed into a simple-internal, Morse-cosine coordinate system for the vibrational variational calculations. The benefits of using Morse coordinates for the stretches when using a QFF in vibrational variational calculations can be traced back to Meyer et al 48 and Carter and Handy 49 more than 20 years ago. Later in 1994, Dateo et al 50 first defined the Morse parameter solely on the computed force constants (i.e. =-F iii /(3F ii )) instead of optimizing it with respect to experimental data. We follow this definition, which requires that the transformed diagonal cubic force constant for the stretch vanish. For c-C 3 H 3 + , it is necessary to use a symmetry adapted Morse-cosine coordinate system (for the stretches and bends) because it is a ringed system. In addition, instead of the out-of-plane coordinates (S 7 , S 8a , S 8b ), we use the sine of these coordinates. Rather than transforming the symmetry internal coordinate QFF into the symmetry adapted Morse-cosine-sine coordinate system, we refit the QFF. We note that transformation of the QFF into a Morse-cosine coordinate system is important (and in the case of c-C 3 H 3 + , a
Morse-cosine-sine coordinate system), otherwise some fundamental vibrational frequencies, in particular stretching frequencies, can be too high by tens of cm -1 . As discussed in Ref. 50, the Morse-cosine coordinate system serves to build in the correct limiting behavior for the potential function.
Results and Discussion
A. Equilibrium Structures and Harmonic Frequencies
The equilibrium structure, equilibrium rotational constants, and harmonic frequencies for c-C 3 H 3 + and l-C 3 H 3 + are presented in Tables 1 and 2, respectively. The equilibrium structures obtained in this work have somewhat shorter bond distances relative to those published recently 8,9 using CCSD(T*)-F12a, and the HCH angle determined here for l-C 3 H 3 + is about 1° larger. We note that the longer C-C bond in l-C 3 H 3 + , R 2 (see Fig. 1 ), is intermediate between a typical double and single bond length, but it is much closer to that in ethylene rather than ethane.
Conversely, the corresponding harmonic frequency 4 is intermediate between a typical double bond and a single bond, but its value is closer to that for ethane rather than ethylene. Previous authors have referred to this C-C bond as a "single bond," so we adopt that terminology here, but we note that it is intermediate between a single and double bond, which also means that there will not be free rotation of the terminal CH 2 group about this bond. The shorter C-C bond is very much like a typical triple bond both in its bond length and harmonic frequency.
The harmonic frequencies obtained here for l-C 3 H 3 + are in reasonable agreement with those given by Botschwina and Oswald 8 , though our stretching harmonic frequencies are generally a few cm -1 higher, consistent with the shorter bond lengths obtained in the present work. We note that we use a different convention for the symmetry labeling of the modes relative to Refs. 5 and 8 -essentially the B 1 and B 2 labels are reversed. That is, following the convention that Herzberg used for C 2v planar molecules, B 1 is used for in-plane antisymmetric modes and B 2 is reserved for out-of-plane vibrations, and that is the convention adopted here. For c-C 3 H 3 + , the harmonic frequencies given in Table 1 are As indicated previously, the energy difference between c-C 3 H 3 + and l-C 3 H 3 + is about 26 kcal/mol, but the levels of theory used in the present study should yield a much more definitive value. The energy that we obtain at the minimum is -115.7647467662 E h and -115.717377491 E h for c-C 3 H 3 + and l-C 3 H 3 + , respectively. The electronic energy difference is thus 10,396.4 cm -1 .
The anharmonic zero-point energies given by 2 nd -order PT are 9841.5 cm -1 and 9208.0 cm -1 , which includes the E 0 term (the polyatomic equivalent of the a 0 Dunham coefficient for diatomics). 51 The corresponding MULTIMODE zero-point energies are 9823.7 cm -1 and 9189.1 cm -1 , for c-C 3 H 3 + and l-C 3 H 3 + , respectively. The 0 K energy difference we obtain is 27.9 kcal/mol, which is slightly larger than what has been reported experimentally. 1 While the experimental value is not at 0 K, it also has a few kcal/mol uncertainty -see Ref. 1 and references therein for more details. The 27.9 kcal/mol 0K value obtained in the present work should be the most reliable available.
B. Fundamental Vibrational Frequencies and Spectroscopic Constants
The GS vibrationally averaged structure and rotational constants, and the fundamental vibrational frequencies obtained for c-C 3 H 3 + in the present work are presented in Table 3 . Other spectroscopic constants obtained from 2 nd order perturbation theory are presented in Table 4 (anharmonic constants) and 4MR/5MR refer to the number of modes coupled in the potential energy expansion formula, while 4-mode coupling was adopted in all Coriolis integrations. For most vibrational modes, the difference is 1.1 cm -1 or less, and for three of the modes the difference is less than 1 cm -1 . Based on these comparisons and experience, we would estimate that the variational fundamentals are converged to better than 1.0 cm -1 for the VCI 5MR values. Comparison of the VCI 5MR results with the fundamentals obtained from 2 nd -order perturbation theory shows good agreement with the two approaches, with the differences being consistent to what we usually find for tightly bound molecules that do not possess a large amplitude motion. Specifically, the largest difference is 3.8 cm -1 for 2 , but this mode is affected by a Fermi type 1 resonance with 2 7 . For most of the vibrational modes the difference is less than 3 cm -1 , again showing that 2 nd -order perturbation theory is a good approximation for solving the nuclear Schrödinger equation for a tightly bound molecule.
Our best results should be the VCI 5MR fundamentals. Comparison of these to the available experimental data shows reasonable agreement for the matrix isolation values where we might expect differences of up to 20 cm -1 or so due to a matrix shift. In fact, the largest differences between the matrix isolation results and our VCI 5MR values are only 9.6 and 12.0 cm -1 for 3 and 8 , which are both determined indirectly (see Refs. 15 and 16 for details). Comparison of the VCI 5MR results to the IRPD values from Ricks et al 5 shows very good agreement for 5 , but for 4 we obtain a value that is 47.2 cm -1 lower than their assignment at 3182 cm -1 . Thus our best estimate for 4 is consistent with previous theory and calls into question their assignment.
Further, the value we obtain for 4 , 3134.8 cm -1 , is more consistent with the assignment from Dopfer et al. [2] [3] [4] One of the reasons we performed the variational calculations in the present study was to be certain that we had 4 described properly since our 2 nd -order perturbation theory results did not agree with the assignment from Ricks et al. Given the levels of theory used in the present study and the fact that we have ruled out any possible resonance issues in solving the vibration problem, we can definitively conclude that the 3182 cm -1 band observed by Ricks et al is either not representative of the free gas-phase spectrum for c-C 3 H 3 + or it is due to a different vibrational mode or species. We have examined the variational CI results for possible combination bands or overtones in the variational calculations that might explain the band at 3182 cm -1 , but none appear for either c-C 3 H 3 + or l-C 3 H 3 + , at least not within 10 cm -1 . There is a doubly degenerate band involving three quanta, 2 6 + 5 , that is very close to 3182 cm -1 , but this seems unlikely. It may be that the band observed at 3182 cm -1 is shifted somewhat due to complexation with the Ar atom, or it may be due to a different species.
Given the levels of theory used in the present study, the spectroscopic constants presented for c-C 3 H 3 + in Tables 4 and 5 should be highly accurate, and it is hoped these will be useful in the future assignment of high-resolution rovibrational spectra from either laboratory experiments or astronomical observations.
The vibrationally averaged structure and rotational constants, and the fundamental vibrational frequencies obtained for l-C 3 H 3 + in the present work are presented in Table 6 . These are "position averaged" values (i.e., r z ) computed with 2 nd -order perturbation theory. Other spectroscopic constants obtained from 2 nd order perturbation theory are presented in Table 7 (anharmonic constants) and in Table 6 shows that the variational calculations are converged to better than 1 cm -1 , similar to the situation for c-C 3 H 3 + . In fact, the largest difference is only 0.8 cm -1 for 7 . Comparison of the VCI 5MR and 2 nd -order perturbation theory fundamental vibrational frequencies for l-C 3 H 3 + shows reasonable agreement, though not as good as found for c-C 3 H 3 + . The largest differences occur for the C-H stretches 1 and 6 , being 10.3 and 9.1 cm -1 , respectively. We note that 6 is involved with a significant Fermi type 2 resonance with 3 + 7 , though the difference between the two components of the resonance is fairly consistent between 2 nd -order perturbation theory and VCI 5MR (35.7 versus 34.0 cm -1 ). Differences between 2 nd -order perturbation theory and VCI 5MR for the other fundamental vibrational frequencies are more in line with the differences we found for c-C 3 H 3 + . Interestingly, the agreement between 2 nd -order perturbation theory and VCI 5MR for the 2 4 overtone and the 12 + 4 combination band is not nearly as good, which is expected as one moves into the realm of less pure states and stronger coupling.
Agreement between our best VCI 5MR fundamental vibrational frequencies and those obtained by Botschwina and Oswald 8 using the CCSD(T*)F-12a/VTZ-F12 level of theory is modest. The largest differences occur for 1 (15 cm -1 ) and 4 (27 cm -1 ). There are many possible sources for these differences, with the most significant probably being the use of an approximate (T) contribution by Botschwina and Oswald, their neglect of core correlation, and their neglect of most coupling to non-totally symmetric vibrational degrees of freedom in solving the variational nuclear Schrödinger equation.
Comparison of our best VCI 5MR results with the experiments of Ricks et al shows reasonable agreement for most of the assignments with a few exceptions. Our best value for 1 agrees very well, confirming the conclusion by Botschwina and Oswald 9 that the 3238 cm -1 band observed by Ricks et al is essentially a free acetylenic C-H stretch. The agreement for 2 , 3 , and 4 is also very good, with differences all less than about 10 cm -1 . Agreement for the overtone band 2 4 is reasonable, being about twice the difference for the 4 fundamental, and agreement for 6 is also reasonable as the assignment by Ricks et al falls between the two components of the Fermi type 2 resonance between 6 and 3 + 7 . Agreement for 5 , 10 , and the combination band 12 + 4 is more modest, however. Botschwina and Oswald 8 have already questioned the reliability of the assignment for the totally symmetric mode 5 . Given that the lowest energy structure found for l-C 3 H 3 + • Ar has the Ar atom out of plane and over the C-C single bond, and that this structure is quite a bit lower in energy than the other minima, 9 it seems plausible that the C-C single bond stretch 5 would be significantly impacted in the complex. This same reasoning could be applied to 10 , which is described as a CH 2 out-of plane wag, and to the combination band 12 + 4 since 12 is an out-of plane bending mode that involves the CCC backbone. Thus, the discrepancies found between the assignments of Ricks et al and our VCI 5MR results can reasonably be attributed to shifts in the vibrational frequencies as a result of complexation for l-C 3 H 3 + .
For l-C 3 H 3 + , the effects of scalar relativistic corrections are small: ~ -5E-5 Å on the C-H bond lengths and ~-3E-4 Å on the CC bonds; less than or equal to 0.4 cm -1 on harmonic frequencies;
and -6 to 0 cm -1 for the vibrational fundamentals. As expected from previous experience, corecorrelation effects are much larger on the geometry (-1.3E-3 Å for the CH bonds and -3E-3 Å for the CC bonds) and harmonic frequencies (+2 to +7 cm -1 ), but only slightly larger for the fundamentals (+2 to +8 cm -1 , except +10.7 cm -1 for 10 ). For c-C 3 H 3 + , the effects of scalar relativity corrections are smaller than found for l-C 3 H 3 + : -2.1E-4 Å for R CC ; -5.5E-5 Å for r CH ;
0.0-0.5 cm -1 for harmonic frequencies; and -1 to +2 cm -1 for fundamentals (except +8 cm -1 for 3 ). However, core-correlation effects are larger: -5.4E-3 Å for R CC ; -1.4E-3 Å for r CH ; +2 to +7 cm -1 for harmonic frequencies; and +3 to +9 cm -1 for fundamentals (except +0.3 cm -1 for 6 ).
More details are available upon request.
Given the levels of theory used in the present study, the spectroscopic constants presented for l-C 3 H 3 + in Tables 7 and 8 should be highly accurate, and it is hoped these will be useful in the future assignment of high-resolution rovibrational spectra from either laboratory experiments or astronomical observations.
C. Quartic Force Fields
For completeness, the best QFFs computed in this work are given in Tables 9 through 12. Specifically, Table 9 contains the quadratic and cubic force constants and Table 10 the quartic force constants for c-C 3 H 3 + . Table 11 contains the quadratic and cubic force constants and Table   12 the quartic force constants for l-C 3 H 3 + . These are given in symmetry internal coordinates and symmetry relationships between the force constants are given in the tables. The force constants presented are based on the following quartic expansion:
where the summations are unrestricted. We note that for the force constant labels for l-C 3 H 3 + , we have labeled modes 10, 11, and 12 as x, y, and z, respectively, in order to avoid confusion. So, for example, the diagonal quadratic force constant for mode 10 is given as F xx .
Conclusions
Accurate CCSD(T) QFFs have been computed for the c-C 3 H 3 + and l-C 3 H 3 + molecular cations.
Extrapolation to the one-particle basis set limit has been included as well as corrections for scalar relativity and core correlation. Anharmonic spectroscopic constants have been determined from 2 nd -order perturbation theory and fundamental vibrational frequencies have been evaluated from 2 nd -order perturbation theory and from variational calculations. Agreement between 2 nd -order perturbation theory and variational CI calculations for the fundamental vibrational frequencies is very good. Agreement between our computed fundamental vibrational frequencies and recent IRPD experiments is good with a few exceptions. The 3182 cm -1 band assigned in one recent IRPD experiment 5 to 4 for c-C 3 H 3 + does not agree well with our calculations where we obtain 3134.8 cm -1 (VCI 5MR), but our value does agree well with other recent IRPD experiments. [2] [3] [4] We have examined our VCI calculations for possible combination and overtone bands, but can find only one band that could be a reasonable match and this requires three quanta. Hence we conclude that the 3182 cm -1 band may be a combination or overtone band that is perturbed somewhat by the presence of the Ar atom, or it may be due to a different species. For l-C 3 H 3 + , agreement between the IRPD experiments and our variational calculations for the fundamental vibrational frequencies (plus one overtone and one combination band) is reasonable except for 5 , 10 , and the combination band 12 + 4 . However, a recent ab initio study 9 that explored the potential energy surface of l-C 3 H 3 + interacting with an Ar atom shows one minimum quite a bit lower than the others, and this structure would likely exhibit perturbations to 5 , 10 , and the combination band 12 + 4 , so a plausible explanation for these discrepancies is given.
The fundamental vibrational frequencies and spectroscopic constants presented here for c-C 3 H 3 + and l-C 3 H 3 + should be the most reliable available for the free gas-phase species and it is hoped that they will be useful in the assignment of future high-resolution laboratory experiments or astronomical observations. Finally, we compute what should be the most reliable energy difference between the c-C 3 H 3 + and l-C 3 H 3 + , obtaining a value of 27.9 kcal/mol at 0 K.
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